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(54) HARDENING TREATMENT INTO TITANIUM HARDENED MEMBER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To apply hardening treatment to a titanium member without generating surface 
roughening and colored material formation by applying the hardening treatment to the titanium member under 
reduced pressure atmosphere containing nitrogen component and oxygen component at the same temp, after 
applying the annealing treatment to the titanium member under vacuum condition at a specific temp, and cooling 
under reduced pressure atmosphere of He, etc. 

SOLUTION: The Ti or Ti alloy member is heated at 700-800** C for a prescribed time in the vacuum vessel under 
vacuum atmosphere or reduced pressure atmosphere of He or Ar to apply the annealing treatment Successively, 
under reduced pressure atmosphere introducing gas containing N component and O component such as NO, N02, 
N20, etc., and if necessary, further mixing H20 or 02, the Ti member after annealing is held at the same temp, as 
the heating temp, for the prescribed time. By this method, N and O are diffused from the surface to the inner part 
of the Ti member and made to solid-solution to form the hardened layer. Thereafter, under reduced pressure 
atmosphere introducing He or Ar in the vacuum vessel, the Ti member already subjected to the hardening 
•treatment is held for the prescribed time at the same temp, as the hardening treatment temp, and thereafter, 
cooled to the room temp. 
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[ 0 0 2 7 J K*4S-^ f i fit^tl^tl. 6 9 0 'Ct^^^^ 

fflsee 9 0 -c) vimmmo^i^mmm^ rsl. mm 
fia>tea8[(D:^# $ R c i (fCUMm^ e (D^saacD 5^ 

t5?>^2«t*<!:^5ti|S|^t?i^a°c,S5JSSfr&-53&5^ m 
i (if^SiaSB 1 0 -C) «*Sd 1 . 0 u mCDai^rCD 

V = 1 17 0 tmi^f)^ mm^i^o^w-i^mmn^ 

30ma=l. 2Mm<!::^^<. ^fcmmtk(Dm^f&i>R 

0 = 70-230/1 inCC?I:Ac^t LT t AliaSJcoaMffl 40 

^s-^g 0 o'c) n\xmmt^h 1 . 0 m 

m<Dai3 rcD^STl^SH V = 7 7 0 iift < , J^Sf^CD^i^ 
«Effi3«Ra = 0. 2 5Mm. jaaf^CDifeSsafcRc 
= 30-5 0 Mm<hl«3^-^eCD*j^a(D^d?>m2a 

i ibl5 L r t3t i ^ b^&i^c < MSmfO^ffit^SI** 



0MmC7)g!l^t?(Dffig?^mv = 9 4 0iffi<. 
Saat^O^l^aMffl^ «R a = 0 . 4 0 M m . i^Sf^CD 
ifeS^fcRc = 3 0-6 0 Mm<b^S-^eOD*ifia(D 

^ >m 2 aw i ibSJ u r <h ^ i'^f tt^ < jasfff ^ 
«Stfc^^jMa^b/c**(D®{b*0fa;&5/j:$nri^^o t, 
fc. «?Laf*<D^M-C«-K{b^^?>^^{b^i5'>(Dt*- 

m^mmi^ritc mm l tct^m^mitm b r c ^ ^ c 
[0 0 2 9 ] (mmms) :$:mm<Dm3(o^mm^m 

m^mv. m 5 s titcmiomm^Tjk'rmm 

fcMmm 1 2(D[^mc\it. SW^tJ^'&r*^) h u-Y 1 0 
±^$^^>:te<tO*^^>^#3&:»6J5:^SI*f8 ^t$f> 
*> J: O'^ ^ >^#;!?^ 6 :^cC 8 ^JJP^ b X rStti bf -S 

/c«)CDjjn^^©iurt-^ - 1 4;0^iBg^nrci€>o 

2<^rtSB«::^'Xgfmp2 0*3lorS^jJ<>:7- 
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2 2 J: 13 . m^^':^nmm.(D¥smmm:^ i x i 

0- ' To r r«T©IK7*r S^gfmu /effect -if 
- 1 4rt,cj:K>9-*iyiisJ:Zf^^>-^i)^hi-j:i>S^tt8i: 

6 9 o~8 1 o'civso^mmmumiinmbxap 
6> *'X2iAn 1 6©**x^A# 1 8 i^i-tmrnitrnm 

To r r{c^Ufc#H«4't?«ii6«5ilL/c<!:*©iae 

^ip^tj:i>Si^8<Dmm(icmm3 o tmms 2 ^mM 
8©*ffi*ie.F«ia3--^5S3 otmms 2*Si;tjc> ass 

2 2(CJ:«5*^«1 2©|*9S|5* 1X10"' Tor rJW* 



C8) 1 1 -92 9 1 1 
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* T©BE;^) S vM^mn L- r ^ . ^AP \Q<DijX 
^A^l 8^P3WTJl'3>*^AL.lE:^*0. 5Tor 
r ^i^L-fc^Hm^rigfb^aao/ci t©iaS?:ffiJ^d: 

[0030] :^m^m 3 (c*jur 6, wmitimmnc 
ummmi. mmm2tnmicmm'^^imti5 1 s 
^tgtc^ii ^tifc^i'>m2 wMifi htjii, nn^ -y^i 

10 m^mi. mmm2tmmic. *®ffln> « 

~mit9-i'><omm'&mMLf)i, cn6©a!i5e!g**« 

3«:^-r, 
[0 03 1 ] 
[«3] 
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[0 03 2] ^?4S-^ j -111^3:^^^^. 6 90 'Ci)^f^ 

C0 03 3] a3*i6HJ?>*^>5:J:9tc. m 
mU^e 9 0 -C) -C^jaaf^cD^l&^Mffi^ R a . 

-^m a&tmU^ 8 1 0 'O l . O ^ mow. 5 TO 

sie^^H V = 1 0 7 0 tmi>^^. !iim^k(Dw-i^mm&$ 

*5Ra=0. 9/im<b;^^<. R 

c = 7 0-2 0 0 uinccfi:Ac>fi:urcirsaaf^(D^Sfl 



mCD^?rOSa;&m V = 7 5 0 <hli5< . ^tSt^CDVi^ 
^ffiffl3tiRa = 0. 2 5 Mm. MSf^OigS^KfeRc 
= 3 0-5 0 /zm<i:S3f4S-^e<D*jn;ll<D5^dr>||2a 

(fcmmLfcimxmitm^jfm LX{.^^ctmM^i)^T 
iH)iiccii?*4»-^ 1 mmmms o o -o vf^mm 

d>e>l. OMm(Dai3'CCD@aS:iOSHv = 9 8 0iiS<. 

iiLSf^c7)^i^^®ffl^«Ra = 0. 4 0^10. mmiko 

MSSi *>Rc = 30-65Mmi ^#-^ e (D^Umo 

50 i^f>m^fbtirj:i>ctf)^i^. mmtmm^mim. mn 
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[0034] (mmm4) :^§km<Dm4(Dmmmim 

«IS;H-C*S. :t/X39AP 1 6 i ^;^SP«P 2 0 *{giL 

fcjc^« 1 2©rtgi5(c{3:> mm^m^v$>:b h^-y i o 

*i J: cx^ * 6 % ssw 8 *»n!8i L tumitr * 
fce?><Dtti^#stL'Tt-^?- 1 4*5ieg3nrt».5, 

2 2 fcj: 0 > mmijy^mm^commifimmstii, i x i 

0- ' Tor TUTF<OE:h}tVM^mbft^. t}:^m 
AP 1 6 (DifxmX^ 1 8 ^m»^ 'J '^J^i:mXLKt) 
*0. 5To r rCClHSL, t - 5?- 1 4 (C <fc 0 ^^i^^ 
*j<j:C)f5^^f>^^*>p>^j:?>S|Jl5t8^6 9 0~8 1 O'C* 

>-?"2 2K:d;»3SS«l 2©|*ja5*l x 1 0" ' Tor 

cWToji;^ ^ xmmmn bxD^h, ^xmxn i e © 

*S^3-a'/c:</;^?:#AUII:^*0. 5TorrK:i@^ 



C9) i^Fig^ 1 1 -929 1 1 
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•C, 9=-5?>*iJ;(>'3^if>^^*:><b^c^g|JW8©*BD*i6 
rtSI5'^S*3 0AK^3 2*ffi;«. @^3-«*rlll©S 

rt®2 6 i:m2(omitmz 8i}^fbtj:i,mmmitm2 4^ 

BfSiLtc. c(Oik. :</;^^APi 6©*';^«A#i 8* 
Hc. ;</xgfmP2 o*at;rx^!j<>7'2 2{cj:i5K 

^Itl 2©rtgl5;S: 1X10-^ Tor rfelT©^;^*-? 
*^SfaL/-C*i*D, *fX#APl 6©:^/;^^A#l 84 
10 ma^O'^J^^mAbEJjiO. 5To r r CClSSL/c. 
#ffla*-CS!{ti!!iaUfci*©SS*ffi^c*S63 O^HI 
-^icmmutc'i^, fc - ^ - 1 4 fcj: SJDi^SffjhL/-^ 

[003 5] :*^ISfi0il4{c*Jt,>t:fe. Mefb^ftagmtc 

immm i > *J6««I2 , mmms tmmi^mm9\-m^m 

lf-5r-;^*«feMl . JI«6CT2. JU6^3i:^<teI^J5: 

sssfe#-cmsufcf^> itjswi. mmmz. ^mms 
20 3> «fe!ejsrS)-SM{t5^$>-?>z:K{b5^df>©w^te* 

jlJ3£Lft:. Cti6©a'J5eeil*^4{C^-i-. 
[0 03 6] 
[«4] 
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[0 03 7 ] i^l4#^n-q«^n-etl, 6 9 0*C*^e> 
SMS 6 9 0 -C) r^^Sf^co^i^affiifl^ R a . fiaa 



SsO^^l. 0 Mm<Dai3r(DS!e:i&5H v= 6 0 0 <!:{£< 

-^q (imU&Q 1 O'C) 0 MmCDggSrcD 

W&f)m V = 1 16 0 iiSOj&i, «!ISf*(7)^i^*®ffl3 
;^^Ra=l. OMm<b;^^<. ^ /ciO^Sf^cOJSaSlt R 
c = 7 0^2 3 0 Mm^fI;^{tUrc^riOiaf^CD^MfI 

50 nf)^sm(tc^^f^n!i!}imm(ommim^mnufcmim 
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tf'hl. 0 tiiii©gg$-C-©Jgg*iHv = 7 9 Otig< , 
*!iSf*©¥l^ffiti$ «R a = 0 . 2 5 u m, MSf^© 
^ait«>R c = 3 0-^5 0 am<b5C|SJ«^e©*teffi(D 
5^ ^ >ll 2 a« <!: tk® L r « <!: ^ i'^{t*5^c < MSmT© 

<t*iB^e>*>T*s. i^#fcs^##p (jasiiaKsoo 

•C) ■C{i«M*:'6 1 . 0 y mCDgg3t?©SK*!H v = 9 

iotm<. ^m^koy^mmmm^nR a = o . 4 o lu 
e ©**!iffl<Df^ ^>»2iS1!^<i:ltt5L-ca^^ ^mtm 

^{b^. m.im^fiir'gSLMiricm^ijtcimxmtm^^ 

[0039] (^t^ 5 ) *^BJ©|| 5 ©HJSt^^ra 

msia-c. 0 5 itmitmM. t n/cgm©i#jt^&^^»t® 
^s-c*s. ijy.mxn 1 6 1 ;tf;^sfgin 2 0 

/cK^lil 2©i^g|5«:«. S«3£}^-c*S h u-C 1 0 

*jj:iyf?^^>^#*i6%*a5W8 4flnJ»L-rffitt{b-r5 30 

fatXDtxm^Wttl^xy:.- ^- 1 4-65lBg3nt:tJ-S, 

2<0}^U^ijy.m%n2 O^iiOrX^dO:^ 
2 2 {Ci ») . ^a:«/X#HSl©»l»*igf^3tl-S 1 x l 
0- ' To r r«T©lK3S-CH^mOfc««:, 



^mW- 1 1 -92 9 1 1 
IS 

m-KU 1 6 <DiJy.m-Kn 1 8 ^m^-)^ y A?:^ALffi 
:'J*0. 2TorrCCPg[U. b-i?-14(CJ:«39^^ 
>teJ:iyf5^^>^*ie>)U-5aJW8*6 9 0-8 1 0-C 
s-c3 0»ra»nssiLSg$s«2aut:*'6. :</;^^Ani6 

©;^/X^A^l 8*&1D. :</XP«P2 0*iiDr*^ 
4<>:?"2 2KJ:f)*S«l 2©F«jgIJ?: 1 X 1 0- ^ To 
r r«T©lK7*-CXSSf^l/-C*»P». ;^^AP 1 6 
©;^f;<^A*l 8*g3Wr>*-T:^/P^K:*^^?:zl^ 
3-l±/c;tfX*^Abffi:^€r0. 2 T o r r (Ci^tiTc^ 

H«*-c«ii«®a L i * ©fia4fii!&*s e> 5 nm—^ 

tCfigf#L-C> 5^d?>*jJ:iyt^ir>^*ie,!5:-5Sm8© 
^ffifca^ 3 0 <!: 3 2 *®«SO'fi2;t5t $ -t+r , 9^ ^ 
>te ^ ly^^lfihts: i,^m 8 ©«B*> ^F'JSP'^M 
^3 0iK^3 2*ffi;tS[. HS5-ttr»l©«!{b)126 
i02©@fbJ12 8*i6i?cS^aii!{bJ12 4*0^0 
/c. C©f^. :</X#APl 6©;</;^^A^l 8 4B5C. 

:</;^Sfan2 0 *ai;rK^;j<>7'2 2 fcj: 1 

2©|^gp^ 1X10- ' Tor rfe(T©JE:^J*t?*^gf 
^Ord^^v :<f;^#APl 6©;*fX^A#l 8*591?--. 
')'^.U^mKLStS^O. 2To r rCCpML-fc^H^ 

tfi-c^-fb^jisL/ct #©aa*ag%Ai6 3 0:»iai— 

t-:Jf- 1 4«:J:.5M»4f?±l/'^';'5A 
C 0 0 4 0 ] *i»fet^ 5 «:*it,»r «lie{b«iagm«: 

1 . m.mm2 . ^*sc»i3 . mm a tmm.<<cm 
ffi^i-ti^wrsj I s^itSK:5eii3n/c9^^'>ii2ai!t 

«te«^4 i:^< wimf^um.^x9m\yfd{k, mmm 

K *S6Bai2. *teCai3. ies«^4 ilH«(c, lis. a 
DMn> «BiHiSS©ite®Kt©;«c*$. «feiaMr*€>^ 
{b?f >-?>-K{b5^*>©WflR*«i|^Lfc. cn^.©®] 

[0 04 1 ] 
[«5] 
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[0.04 2] ^*4#-^r--u«-en^tX. 6 9O"C:0:»^E) 20 

10 0 4 3] mbf)^^mf^>-^^ti:^^^,c^ mn^^r m 

mU&3 9 0-C) -C^^aSf^ODV^aSffl^Ra. JOiS 

^>m2«**<btj«im^-cji4afa®«a5ft?^^;&5. a 

mtf^^l, OMin(Dai$"C(3r)ligS3&^H v=5 7 0 iffi< 

■^u mmm&s i o-o ^^si. OMmoai^roo 

W&tm V = 1 10 0 ilSC^*^ «LSfaOD^^«MfI3 30 
;&5Ra = 0. 9iimti^^<. ^/cMSf^CD^gJ^feR 

0 = 70-20 0 um(,cm:K<tLx\.^xmmm(o^mn 
cn6tc*fLief4»-^s <*aasS7 oo-c) r«^H 

51^^6 1. 0 /xmCD^$'C(Dg!g35i5Hv = 7 7 0<2:K< . 

mmk(D^i^mm&^ittR a = o . 2 5 m m. Mafa<D 

ieSJefeRc^ao-^SOMmi^S-^eCDTfeAliacD 40 

^ ^ >ii 2 aw <b j:t$5 L r 5^ <h ^ b:^5 j^j: < mmm<D 
mmim^mmLfcit^(Dmimmmj::^nxi>^o t 
fc. !imm(omMxiitrmit^^>'^mit^^><o\:^- 

m^Bf&'^trffC mm l tMrnxwitm u n ^ c 
tf)^m^f)^x$>i,. i^«^^##t mmmiQoo 

"O XJitmmi}^^ 1.0/2 m(Dm^X(DW&i^^H V = 9 
4 0<h]iJ<. 5a]lf^(D^i^^®)|ffl3jjRa = 0. 35 M 
Hmmco^^J&hR 0 = 30-^60 urn tm\m^ 
e<Dk!S!M(0^itym2mttttmLX{itA.^mt^^ 50 



mum. mitm^Bf&i±r(fcmmufcw^xmitm^m 
4. m5^mi.>xmmri>o ia4{i^^>*jci:o'^^> 
m^mx^^. tf:^mAni 6 ttf:^nma2o^m^ 
i6jzz/^di>^^^^fbrj:^mts^mmLX}[mit-r^ 

fc^o^mm^^tLxn-^- 1 4?!)5igg3tiri:»4o 

*S«1 2<DrtaB^:^'Xgf«P2 0^®DrX^;J<>:/ 
2 2 iCcfc 0 . ^a:^X^HMOi5^?!)^gf|^$n-S 1 x l 
0- ' To r r«TcDE^SrX2&gfmU/ct^tct-i? 
- 1 4iCcfc0^t>>*5a:O'^i5?>'^*i^)^j:SSBW8* 

6 9 0-8 1 ov^x3o^mmmLmi&!iikmLxi!)^ 

6. ;^'X^AP1 6<D:^fy^^A^l 8^PfC:^r>'=ej:.T 
;^Xtcm^;^*X*S^$if/c;^7;^«:^AL£E:^*0. 1 

To r r ccmmLfcnm^^xmmmvfct^coum. 
^uuf)^^7^m-'m(tcmi^Lx. 5^3?>fcctof^^> 
^f)^fbrj::hs^^s<Dmm(icmm3 otmm3 2 

8(Dmmf)^fb{^^^mm3 0 tmm3 2^im. mm^ 

ii:Xmi(DWitm2 6 <t||2(DlSil:g 2 8 A^efe-S)*® 
mitm2 4imi&Lfc. cog. ^^X^ADI 6<0:^*>^ 

^A^i 8^B?D. tfy^nmn2 o^acrx^^v:/ 

2 2JCcfcOK2g«i 2(D|^gB;S: 1 x i 0' ' To r r« 
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mX^l 8 im<--fTJl:i>4:m ALKt)^0. 5 Tor 
[0 04 5 ] *3li60il6KtjCi-c*>. 1S®{tMagm«: 

mmm2. mmms. mmm4. 
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[0 0 47 ] ^f^S-^v-'yJi-en^n. 6 9O"C:0^6 
8 1 0-C*"CiaaSfi?:^ik$-l±rjiiaL/c4>(Dr. 15? 

e «*«iacD ^ ^ >|| 2 SWT? * e , 30 

[0 04 8] «6;&^e>Bge>:^^?:cJ:'5tC. i*5f4#-^v 
SfflSe 9 0 'O r^ii^ltSif^CD^J^^Sti^ R a . 
M<DifSS&OAt ^ R c <!: *>^C^)f4## e (O^mmo)^ 

■^y {AOsSJaSB 1 O'C) OMmoai^rcD 

mm.i)m V = 1 0 5 0 tm^^t^. so^af^cD^i^^Mfis 

3&ma = 0. 9Mm«!:;^*<, */c*Q.af^(0i|gB^3K[*>R 

0 = 70-200// m{C?I:^f b Ur C^r^Diaf^CD^Hffl 40 

cne>^c*fba*4#-^w («^aaS7 o o-o rt^^a 
imwow-imm^i «r a = o . 2 5 u m. ifflafio 

Ma^tt^i Rc^SO-'SOiU m<bl*f4#-^ e CD**[iaCD 

^ 5^ >m 2 a« i tbts u r i ^ <b'^{ b*^& < jaaBuo 
a®kffi«i^L/c4$(Di!{b*fta3&5^c3nrtiSo * 50 



i^^ff^^if Ttcg^g L /ct^es§r Sibil *?fj^ b ri ^ c 

iT^J^?^ 6:0:^^*^0 Pi«ccsa»4#^x («iaSS8 0 0 

•C) -X^ummt^h 1 . 0 umOai^rcD@?S;<)^H v = 9 

1 otm<. mmk(D^i^mm%s.^\^K8i = o. 40m 

m. «Mlf*CD*gS)Kfc R c = 30-'6 5/:xm <!:SS*4## 
e CD*MacD ^ 3? >0 2 <h tbIS L r i ^ ^^{b^^ 

u < jiLamrcDaMtts^iif^ u /c s s cDSi bMa?&^):c 3 
nrc^^o i£/c. Maf^cD^HT«nMlb5^^>-¥>S{b 

[0 04 9] ctihmmmi. mmmz. uss^na, n 

^Cct 0 7 0 0 - 8 0 0 -C^ -Cb^^B^pPbISO^. L«^fiaa*r 



(13) 

23 

s«:a:o$iiai3n-5c<b*5?iF>*i{c^c-o/t. «raiaK» 

^:yt}i^<Dmt^^'ByS.vUK^ 8 0 0 'cwFict^-^-^ 
[0050] mmtmm^mi^btcm i (omitmit^ f 

SI{b*!iSXg©MSjaS«:Mb-t:«. 6 9 0 'CtiT©® 

3ti-r«ffiiEft*s±#L-^ci^©-e. 7 0 0 'CJitiwias 

*5ig>S-C&^« Sfc. 8 1 O-CfeiJiO^nfflSSrtt^* 

•ri,tc^. mit$mj:m.a>!S}Mum.im^mm:kitiy 

!&:t>8 0 0 •CWT<b-r*ii:>S*s*5= 30 

[005 1 ] *^H^©JliiWc*3(,^r . i , mm 

m2. mmm3. mmm4. mmm^, mmmetiiic 

i>'5^;Sf>^#ti©B#ft-5r-;^. Bfit-'Oh-. fT;^. 

Ty>^. f§*|, >*?*7U-AJ&:i-©J|fi5ffl„=a©ffiK: 
5&afJ©^ffit^SI4«I^L/iiS-C@?lbMa3!i5Djtg^c 

:^-c*,«i*-r-sfc©r*^. 40 
[0 052] :^^ma:>mmm(ommxm(icte(.>r. mm 

091. jliS0!l3. HiS{^6-C»l X 1 0- ' To r rJW 
T©lE^;*-C*^fML.A:«^»H«ctir\ Ife6i0!l2. 
mmmb -Cl* l x i o - > T o r r felT©E:t>*t?K^ 
U -i; A^r^AU 0 . 2 T o r r ©E^JCiSS 

otcmmn^-c. mmmAvit i x i o- ' t o r r 
rosjj * -cM^mmic^ o a*^a l o . 5 t o 

r r©E*K:|||^Ufc^H»4JT\ »nl»¥'IS«: J: «) 7 0 
OA^e.8 0 0'C*-C3 0^P^Ml,«gM«!iai/Tt,^^> 



i^Pg^ 1 1 -929 1 1 
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T-C*txSfffi^©K!FS-CJ:t\ ftl?^Ifi-C©^®a» 
ISira®@»©fF^»nx«: J: . 5^ 5? > *j J: j>- 

immtoxnu'iiiO'c, jg^sa[»7oo~8oo 

•C«:[!16-r5 5 0~8 0 0-C<ommfH<DU&-C$>ini£t£ 

u-i-c. mmciM.<omm.mt.i 0 0-^ so 

O-Cif 

[0 05 3 ] :^mn<Dmmm<ommjLmcis\.^x. mm 
m\. mmm^. mmmQxu i x i o- ' to r r« 
T©i£^©*3&#H«tft?, *ssCT2. mmm^xu. 

0 . 2 T o r r ©E:t»«:SSS L/fc'v U A©«EE^H^ 
4>-e. ||iSiM4-CW0. 5To r r ©(E^JtCiS^bfe'v 

[0 05 4] *^aB©^ta)©ig{tMffiXfi«:*j(,>-c. 
;^*^AOTHFfS©IE*ic^^L//cf^. Il«6«a|l. Hife 

©sars^ra. ii;^cwi3. mmmex\tmmJM.x<D 
urn. t m-<DMS.x 7 ^ra«}# l /c*i . ®{ b^aaxfi© 
msmsiifi 1 ^rafe^T-r»«®36i6 1 ym©ai3r©t. 

mmjM<D9immTAi)i i o ^paja±«:ic^. i^s© t 
*-;^iies«fiaffiL-ci,s^, tseo-c. ssfb^isxie© 

^mSikt 1 1 OB#rHl©©HF^©gl^©B$P^-C«j:t,^, 

[0 05 5] :^m^(om{mmTjmcis\.^x . mmm i 
■c«ffi^<b^;yx«:, mmmzxktmsLit^iiy^i^ 

:^icm^if:x^m^^^fcffx^. mmm4xitmmit 

^Af;^iCT>*-ri/x4jg-&3-&/c;</;^*. m^m 

4fflt,»fc*s. ffiK{bSS**;^{cR^r-K{b^*'>^ 
L.<»-K{bS5R:</;^*^flaUTfeJ;«,». */cCtie>© 
*f:?;{£:-^ y •i;A. T;V:J>&<b'©:7C?§14:tf;:^*asJnLr 

[0 05 6 ] :^^m(Dmmm<pmimmj:m!>ait.>x . 

l Xitif:^K:hi:0. 3 T 0 r r fcSaSOfciBclI 

#Hat?. IDSgW2i^««|5r-W**Xli;>3^0. 2T 

o r T icm^LtcmE.wmmx. mmmstmmmev 

\tiJ:xmtl^ 0 . 1 T o r r {C^SU/i:«|E#HSt-r . 

*!iSW4-C«;^>y^lI:^^rO. 5 T o r r (CsSML'/cjiSE 



(14) 

25 

[0057] :*:j^HJCD||SSM<D?^*PX|iiC*Jt>r . 

mi. mmm2, mmms. mitm4. mmms. njs 
Uivi%&vtci)K SKtMaxsiiii— ©ssrao^ 

xfiiig— ©aa[-cfi^}#-rsffi5Fr^K3 o^s-ratii-cafen 

■5 i *{iii55!l**sffiT-r i /c*. 3 0 1 NWJi^T*^ 20 

•s. 

[005 8] :^m^n<ommm<D}%miLmcin.^x . mm 

0. 5To r r«cSgSL/c«E^K^tf«-r. l|]Kfi^2. 
^JS^aiS-ClJ-^y-i/A^r^ALIIJ^^rO. 2 T o r r 

UEE** 0 . 5 T o r r KiSSS L fcWSMmf^^-cnm. 30 

[0 05 9] *^B3«c*ji>r«> MaBffcD*ffiR^,*«i 
e*w-rsig?{bsiiw*f#sc<t*5g9<,-cd5^/ci*, ^(D 
*nj <!:^i•^{b■r■s c i/j: < , ? ht^m^^m&i^it^ 

■Tic. ^tWlMi)mmi>X\.>i>mM^t^CiiK.$} 
■5. 

[006 0] ^^B^jciji^r. Wmt9mmiK.\s.^if 

J I S^itSfSS$nrC»S5^d»>6 0 50 
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>^#te cfc o'sag^ f >»cD^sis{b^*« 9^ >^ 

[0 06 1 ] 

>#Hm*-C»nlSl#S«:J: 9700-800 -CSf^^ 

Pi-ae?r0T^B#pa«^ L 9^ if >*J ± iyf 5^ if ^ 
UC> Hit$1±ig<bJl4ffJ^3-ttfcf^. j«jI©-Mj.i;A# 

-^©J^-fb^ftajJiBltBi^-^fc. *fc. 2|s:^?^(Cj;-:?-Cf# 

6nfcSPt*»JS<b«imfeeHb«!iair©«BWS3jsiiij^ 

<i:*>6. SfiJitt*i8?«)/cj|fflJiS©SltlligmJfeffi#t-rSC 
[ElMWfSWiSi?^] 

m\) *i6?8tc*jw5@!{bMa7^st©xg*^5-rH^ 
[s 2 ] *i%w{c*jw?.«iasa[i bf * - ;^«ft©ffl 

[03] *J%Hj{c*jW Stasias <b«M-C©^ib#|-<f®! 
{biB)©JgfiS©W^!ll*^-rW)KXiS@*f fcJ: S f - i^^-c 

[04] ^^a>—^m'c»>hm^o:>mmmrtjm^ 

[05] :*:J^Hj©-||*6t?!|-C*am*©«ji*^t-Wrffi 

2 mx@. 
4 ^^bsaaxg 

6 }^-IM. 
8 JS^bSPM 
10 h U-f 
1 2 K2« 
14 t-ir- 
1 6 ;^/X^AD 

1 8 iJXMK^ 

2 0 ;</Xgfmp 
2 2 JE?E!j<>7- 
2 4 «M«{bJi 

2 6 ^Komtm 

2 8 m2©iig{bS 

3 0 
3 2 



(15) 



<^mW- 11-929 



mil 



m2] 



700-800- C 



2 tarnxm 



4 mnjmxm 








3000 


(a) 




aooQ 




« 


1000 












0 






3000 


(b) 


M 


2000 








800' C 




1000 






0 






1 BOO 


(c) 




ISOO 






800 


8 10* C 




400 



































































1 




I 





























































































































































W___ 











30 ^« 



j> A o A 



2p' 30 40 50 60 
26 



32 aH^ 



26 $Rl<?>«<Ui 



^ A 



24 

smmkm 



2 8 SG(20:>«{bB 



8 aftlSBtf 




600 650 700 750 800 8S0 800 
(• C) 



m4] 




O .— 22 Jl2g*>:/ 



